Confirmed
Laboratory-confirmed by growing (culture) or identifying (by Gram stain or antigen detection methods) a bacterial pathogen in the CSF or from the blood in a child with clinical syndrome consistent with bacterial meningitis.
Assessment of sequela
Follow up visits were conducted up to 24 months after discharge and patients were prospectively evaluated with neurologic examination, hearing evaluation and neurodevelopmental tests for development of neurologic sequelae.
Hearing evaluation
Screening was performed using transient evoked otoacoustic emissions (Echocheck Otodynamics, UK). The tympanometries were performed using impedance audiometer device (AT235 Interacoustic company, Denmark) and auditory brainstem responses (ABR) were obtained with ABR device (Amplaid-Mk 15, USA).
Neurodevelopmental assessment
Denver Developmental Screening Test-II test was used for evaluation for cognitive and behavioural problems (5) . The subject's performance against the regular age was evaluated in four categories (social contact, fine motor skill, language, and gross motor skill. Two or more delay in any field or delay in more than one field was accepted as suspicious and the test was repeated one month later. Five or more delays in any field were accepted as abnormal.
Data analysis
All statistical analysis was performed with SPSS version 11.5 (SPSS Inc. Chicago, IL, USA). Mann-Whitney U Test, Pearson's chi-squared test and Fisher's exact test were used for evaluation of factors affecting development of sequela. A 2-tailed p value <0.05 was considered significant.
Ethical issues
This study was approved by the Research Ethical Committee of Marmara University School of Medicine. Permission for access to patient charts data was provided by both Turkish Ministry of Health and management of each hospital.
Results
A total of 283 children, 194 boys and 89 girls were included in the study. Age distribution of patients were as follows: 95 patients (33.6%) >1 months-6 months old, 97 patients (34.3%) 7-24 months old, 22 patients (7.8%) 25-36 months old and 69 patients (24.4%) 37-60 months old. Only 15 patients (10%) had a history of vaccination with Hib conjugate vaccine. Parental education level was at the level of primary school in the majority of patients while about 10% of mothers had no formal education. 38% of patients had received antibiotics (70% parenteral) prior to admission. 46.1 % of patients were admitted within the 1 st day of beginning of symptoms. Duration of symptoms was 2-4 days, 5-7 days and longer than 7 days in 38.6%, 10.1% and 5% of patients respectively. Clinical manifestations included fever (97.5%), vomitting (45.5%), lethargy (24%), seizures (23%), petechial rash (10%) and focal neurologic signs (5%). Bulging fontanelle was present in 55% of patients under 6 months and meningeal signs were present in 84% of patients over 24 months of age. An etiological organism could be identified in 33 patients. Most common organisms were Hib (36.3%), S. pneumonia (30.3%) and N. meningitidis (21%). Two hundred thirty seven (92.6%) received third generation cephalosporins (alone or in combination with other antibiotics) for treatment. One hundred seventeen patients (43%) received dexamethasone as adjunctive therapy. Seven patients were transferred to intensive care units. Two patients died: Both male, a 5 months old patient with meningococcemia and a 9 months old patient with negative CSF and blood cultures.
Thirty eight patients (13.4%) developed neurologic complications (Table 1) . Hydrocephalus was detected in 17 patients. Following discharge, 146 patients could be evaluated for assessment of sequela and 38 (26%) were determined to have at least one sequela. The most common sequelae were speech or language problems (14.5%). Abnormalities of fine motor skill, gross motor skill and social contact were other pathologies detected by Denver test. Sensorineural hearing loss was detected in 11 (7.6%) patients. Almost all of the patients with hearing defects had also neuromotor or developmental delay. Six patients were severely disabled because of meningitis. One patient with quadriparesis had also total loss of visual activity. Factors such as mothers' educational level; previous use of antibiotics; duration of symptoms before admission; presence of petechial rash; presence of convulsions; prolonged convulsions, peripheral blood leukocyte count; CSF leukocyte count, CSF glucose level or CSF protein level; treatment with ceftriaxone or receipt of dexamethasone did not differ significantly between patients with sequelae or those without sequelae. Presence of focal neurologic signs at presentation and turbid CSF appearance increased sequelae development significantly (Table 2) .
Discussion
Bacterial meningitis continues to be an important cause of neurologic sequelae despite advances in antimicrobial therapy Low socioeconomic conditions and male sex are reported to increase the risk of acquiring meningitis (6) . 68% of our patients were male and majority of parents had low educational levels. During the study period Hib vaccine was available in private market but about 90% of children had not received the vaccine which shows that private practice has a minor role in vaccination of children in Turkey. The median age of patients was 12 months similar to previous reports in the prevaccine era (7, 8) . About half of patients had attended to hospital during the first 24 hours of symptoms. Inspite of low educational level of parents, this shows increased awareness of symptoms of disease by parents and good health care facilities in Istanbul.
Clinical manifestations of bacterial meningitis are nonspesific and no single sign is pathognomonic (9, 10) . Classic triad of fever, neck stiffness and an altered mental status is low among adults and even lower in children (11) . Bulging fontanelle is neither sensitive nor spesific (12) . Meningeal signs are usually positive in 60-80% of patients (13) . Symptoms and signs of our patients largely depended on the age of the patient. Fever was present in 97% of patients with similar frequency in all age groups. Apart from fever, the most common findings in infants were lethargy, poor feeding and bulging fontanelle. Older children more likely presented with headache, vomitting and meningeal signs. Seizures were present in 23% of patients. Seizures are reported in about 30% of children with meningitis at presentation (2, 14) . In a study of 410 children with bacterial meningitis, 27% had seizures but all had other signs such as altered consciousness, nuchal rigidity or petechial rash (15) .
Neurologic complications can develop at any time during the course of bacterial meningitis. Collection of fluid in the subdural space can be demonstrated in as many as 50% of children during acute illness. Hydrocephalus that develops beyond the newborn period is an uncommon complication of meningitis (2) . We detected subdural effusions in 27 out of 111 patients undergoing neuroimaging and hydrocephaly was present in 17 patients. With follow up visits up to 24 months after discharge 26% of patients were determined to have at least one sequela which is compatible with the range of 8 to 37% in literature (3, 16) . The most common sequelae were speech or language problems (14.5%). In a study evaluating long term (12 years after meningitis) effects of meningitis, patients functioned at significantly lower levels for intelligence measurements, high level neuropsychological skills and had more behavioural difficulties at home and at school compared with controls (17) . Kirimi et al. (18) detected hydrocephalus (12.5%), cerebral palsy, hemiparesis, hemiplegia and strabismus as major neurologic sequela in children with purulent meningitis. Neuromotor disabilities (11.8%) and hearing loss (7.6%) were also substantial in our patients. Hearing evaluation should be done at or soon after discharge. Only one fourth of parents declared that they had been informed by physicians for hearing evaluation at discharge. However in the largest cohort since the 1980s, hearing loss developed in 7 percent of cases, one-quarter of which were detected after the routine follow-up period had ended (19) . Factors related to the outcome of bacterial meningitis in children include age at the time of diagnosis, course or progression of disease before antibiotic therapy is effective, etiologic agent, the number of organisms or the quantity of polysaccharide material present in the meninges and delayed sterilization of the CSF (2, (20) (21) (22) (23) . We found that children under 24 months of age developed neurologic sequela more commonly than older children. In a previous study, onset of meningitis before 12 months of age was significantly associated with decreased performance on tests requiring language and executive skills (20) . Since the number of bacteriologically confirmed cases were too small, an etiological comparison could not be done. Level of consciousness at the time of admission, prolonged or complicated seizures and low CSF glucose are also reported among factors affecting outcome (24, 25) . Focal neurologic findings at the time of admission proved to be the most reliable predictor of permanent sequela of bacterial meningitis (26) . The patients who were obdunted at presentation developed significant neurologic sequela in our study. Focal signs at admission and turbid CSF appearance also increased sequelae significantly. All the patients with focal neurologic signs at presentation were younger than 2 years of age. 9 out of 17 patients with hydrocephalus could be evaluated for development of sequela and all were were found to have one or more sequela. A cochrane review concluded that corticosteroids significantly reduced hearing loss and neurological sequelae in high-income countries (27) . Use of corticosteroids did not affect sequela development in our study. A recent randomized double-blind, clinical trial, revealed no significant relief in hearing impairment by adjuvant intravenous dexamethasone (28) . Instead, the child's presenting status and age were the most important predictors of hearing loss.
Intellectual and behavioral deficits, particularly speech or language problems, are the most common sequelae following meningitis. Early identification and intervention may help to minimize long-term impact of these problems.
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